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Apparatus and method 

FOR 

Dicing Semiconductor Wafers 



FIELD of the invention 

[0001] The present invention relates generally to the dicing of semiconductor devices, 
and more particularly, to an apparatus and method for the dicing of semiconductor wafers 
using pressure to mechanically separate the individual die from the wafer. 

background of the invention 

[0002] Semiconductor die are typically fabricated in wafer form. Using well known 
semiconductor fabrication techniques, a wafer undergoes a series of processing steps, 
such as deposition, masking, etching, implanting, doping, metallization, etc. to form 
complex integrated circuits on individual die on the wafer. Currently, several hundred to 
tens of thousands of die may be fabricated on a single wafer., 

[0003] Use of a dicing machine is the common manner in which the individual die are 
singulated from the wafer. During dicing, the wafer is placed onto a cutting platform. A 
saw is then used to cut the wafer along the scribe lines, sometimes referred to as "saw 
streets", which run in the X and Y direction on the wafer and separate the individual dice. 
After all the saw streets have been cut, the individual die on the wafer are singulated. 

[0004] There are a number of problems associated with the use of a wafer saw for dicing 
a semiconductor wafer. The process is relatively slow since each scribe Une on the wafer 
is cut one at a time. On wafers with thousands of die and dozens or hundreds of scribe 
lines, the amount of time required to singulate all the die on the wafer may be significant. 
Maintenance of the wafer saw is also a problem. The machine periodically needs to be 
serviced and repaired. The cutting blade also needs to be replaced periodically. During 
the maintenance and repair, the machine cannot be used, reducing the overall throughput 
and efficiency of the wafer singulation operation. Another issue with using wafer saws is 
that as the thickness of wafers become thinner and thinner, the wafers tend to chip along 
the cutting edge. This chipping is problematic because it may damage or destroy 
otherwise functional die on the wafer, thereby reducing yields. 
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[0005] An apparatus and method for the dicing of semiconductor wafers using pressure 
to mechanically separate the individual die from the wafer without the use of a wafer saw 
is therefore needed. 
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SUMMARY OF INVENTION 

[0006] To achieve the foregoing, and in accordance with the purpose of the present 
invention, a method and apparatus for the dicing of semiconductor wafers using pressure 
to mechanically separate the individual die from the wafer without the use of a wafer saw 
is disclosed. The method includes forming trenches along the scribe lines on a 
semiconductor wafer and then applying a mechanical pressure to the seniiconductor 
wafer. The mechanical pressure causes a "clean break" of the wafer along the scribe 
lines, thereby singulating individual die on the wafer. The apparatus comprises a pad for 
supporting a semiconductor wafer and a positioning member to position the 
semiconductor wafer on the pad. A pressure mechanism is provided to apply a 
mechanical pressure to the wafer so as to singulate the individual die on the wafer. 
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BRIEF DESCMPTION OF THE DRAWINGS 

The invention, together with further advantages thereof, may best be understood by 
reference to the following description taken in conjunction with the accompanying 
drawings in which: 

Figure 1 is a diagram of semiconductor wafer. 

Figures 2A through 2G are a series of cross sections of a semiconductor wafer 
undergoing the wafer singulation process according to the present invention. 

Figure 3A and 3B are a diagrams illustrating of a ring used to support the wafer 
during singulation according to the present invention. 

Figure 4 is a flow diagram illustrating the method of the present invention. 

In the figures, like reference numbers refer to like components and elements. 
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DETAILED DESCMPTION OF THE INVENTION 

[0007] Referring to Figure 1, a diagram of semiconductor wafer is shown. The wafer 10 
includes a pluraUty of die 12 fabricated thereon. Horizontal and vertical scribe lines 14 
separate each of the die 12 on the wafer 10. After the individual die 12 wafer have been 
fabricated and probed, the individual die 12 are singulated as described below. 

[0008] Referring to Figures 2A through 2G are a series of cross sections of a 
semiconductor wafer 10 undergoing the wafer singulation according to the present 
invention. 

[0009] In Figure 2 A, the cross section of the wafer 10 is shown. Although not visible in 
this view, the individual die are fabricated on the top surface of the wafer 10. 

[0010] In Figure 2B, a photo resist layer 20 is appUed across the top surface of the wafer 
10. In one embodiment, the photo resist layer 20 is Silicon Nitride (S1N4) that is spun 
onto the surface of the wafer 10. The thickness of the photo resist layer 20 may range 
from 2 to 5 microns. The purpose of the photo resist layer 20 is to protect the underlying 
metallization and circuitry on the surface of the wafer 10. 

[0011] In Figure 2C, the photo resist layer 20 is pattemed using standard 
photolithography techniques to form openings 22 over the scribe Unes 14 on the surface 
of the wafer 10. The surface of the wafer 10 is thus exposed through the openings 22. 
Although not visible in Figure 2C, it should be appreciated that the openings 22 run the 
entire length of the horizontal and vertical scribe lines 14 on the surface of the wafer 10. 

[0012] In Figure 2D, the pattemed wafer undergoes an etch to form trenches 24 along the 
horizontal and vertical scribe lines 14 on the wafer surface. As is well known in the 
semiconductor fabrication art, the portions of the photo resist layer 20 left intact after 
patterning protects the underlying circuitry and metallization. The exposed portions of the 
wafer 10 as defined by the openings 22 in the photo resist layer, however, allow the 
underlying silicon of the wafer 10 to be etched away. In various embodiments of the 
invention, the depth of the trenches may vary from approximately ten percent to fifty 
percent of the thickness of the wafer 10. For example, for a wafer that is approximately 
800 microns thick, the depth of the trenches 24 may range from 1 50 to 200 microns. It 
should be noted that this example should in no way be construed as limiting the 
invention. The depth of the trenches 24 may be greater or less than the 150 to 200 
microns and may range as a total percentage of the overall thickness of the wafer from 
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less than ten percent to more than fifty percent. The wafer 10 can also be etched using 
any of a number of well known techniques, for example a plasma etch or a wet etch. 
After the etch is performed, the photo resist layer 22 is removed using standard 
semiconductor processing techniques. 

[0013] In an optional processing step as illustrated in Figure 2E, the wafer 10 is back- 
grinded to reduce its overall thickness, hi one embodiment for example, the 800 micron 
thick wafer 10 is back-grinded to a thickness of 300 to 200 microns. Again, this thickness 
range is only exemplary and should not be construed as limiting the invention in anyway. 
Generally speaking, the final thickness of the wafer 10 is largely dictated by the 
application of the die. With cell phones or any other application where small size and 
portability is desirable, generally the thinner the die the better. The thickness of the wafer 
10 may be reduced fiirther for example to 50 or less microns thick. In embodiments 
where the wafer 10 is going to be back-grinded, the depth of the trenches must be 
determined accordingly. For example, if a wafer is going to be back-grinded to a 
thickness of 200 microns, then the appropriate depth of the trenches 24 may be 50 to 100 
microns. It should be noted that the back-grinding is optional and is not a required step in 
the practice of the present invention. 

[0014] It should be understood that as semiconductor processing and handling 
technology improves in the future, it is generally expected that the thickness of wafers 
after back-grinding will become thirmer and thinner. According to the spirit of the present 
invention, the type and duration of the etch used to form the trenches 24 during etching 
are dictated so that the final depth of the trenches 24 equals the desired percentage of the 
overall thickness of the wafer 10 after back-grinding. 

[0015] Referring to Figure 2F, a layer of adhesive tape 26 is applied to the back-surface 
of the wafer 10. In one embodiment, the tape 26 is standard wafer dicing tape such as 
"Nitto" tape commonly used in semiconductor process and handling, firom the Nitto 
Denko Company of Japan. 

[0016] Referring to Figure 2G, the wafer 10 is placed active-surface down onto a soft pad 
28. Mechanical pressure is then applied to the back surface 30 of the wafer 10. In various 
embodiments of the invention, the pressure may be applied in the X direction and the Y 
direction to cause the wafer to break along the horizontal and vertical scribes lines 14 
respectively. In an alternative embodiment, pressure in a circular direction over the back 
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surface 30 of the wafer 10 may also be applied. The applied pressure causes a "clean 
break" along the trenches 24 , thus singulating the dice 12 on the wafer 10. The 
mechanism used to apply the pressure may include but is not limited to a roller, a blade, 
"squeegee" or a roller. 

[0017] Figure 3 A is a top-down diagram illustrating a ring used to hold the wafer in place 
during singulation. The ring 32 has the same general shape and is placed around the 
circumference of the wafer 10. The wafer is placed, with its active surface facing down, 
onto pad 28 (not visible in Fig 3A). The adhesive tape, denoted by Unes 26, is visible on 
the back surface of the wafer through the ring 32. Figure 3B is a cross section of the ring 
32 and the wafer 10. As illustrated, the wafer 10 rests on pad 28. The ring 32 is provided 
around the circximference of the wafer 10. The tape 28 is provided on the back or non- 
active surface of the wafer 10. During singulation, pressure is applied to the back surface 
of the wafer 10. In various embodiments, the pressure is applied in the X and the Y 
directions across the back surface of the wafer 10 to cause the wafer to break along the 
horizontal and vertical scribe lines 14 respectively. In an alternative or additional 
embodiment, pressure may be applied in a circular motion around the wafer 10, as 
illustrated by the curved arrow 34 illustrated in Figure 3A. 

[0018] Figure 4 is a flow diagram 50 illustrating the sequence of the present invention. In 
the initial step, the circuitry and metallization are fabricated on the active surface of the 
wafer 10 (box 52). The photo resist layer 20 is then applied across the active surface of 
the wafer 10 (box 54) and then patterned (box 56) to form openings running the length of 
the horizontal and vertical scribe lines 14 on the wafer 10. Trenches 24 are then etched 
(box 58) in the openings along the horizontal and vertical scribe lines 14. An adhesive 
tape is then placed on the back-surface of the wafer (box 60). Pressure is next applied to 
the back surface causing the wafer 10 to break along the trenches 24 in the horizontal and 
vertical scribe lines, thereby singulating the dice 12 from the wafer 10. 

[0019] Although the foregoing invention has been described in some detail for purposes 
of clarity of understanding, it will be apparent that certain changes and modifications may 
be practiced within the scope of the appended claims. For example, the present invention, 
may be used any sized wafer or any type of die, such as memory, logic, analog, 
microprocessor, MOS, bipolar, or any other type of semiconductor chip. Alternatively, 
the trenches may be formed by a partially cutting the wafer using a wafer saw to the 
desired depth instead of performing an etch. Similarly, the trenches could be formed on 
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the bottom or non-active surface of the wafer. Therefore, the described embodiments 
should be taken as illustrative and not restrictive, and the invention should not be limited 
to the details given herein but should be defined by the following claims and their full 
scope of equivalents. 
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